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Improvements in or relating to operating circuit arrangements 
for electromagnetic devices. 
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We, Grundig E.M.V. Elektro-Mecha- 
nische Versuchsanstalt, Inh. Max Grun- 
dig, a German corporate body, of Kurgart- 
enstrasse 37, Fuerth/Bayern, Germany, do 
5 hereby declare the invention, for which we 
pray that a patent may be granted to us, 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 
10 This invention relates to an operating cir- 
cuit arrangement for electromagnetic devices 
and in -particular for transistor-controlled 
electromagnetic devices. 

It is known that the operation of solenoid 
15 valves, magnetic clutches and like electro- 
magnetic. „ devices can be accelerated by 
applying to the operating coil of the device 
to 'be actuated, at the moment of bringing 
it into operation, an increased voltage which, 
after the operation has been effected, is 
reduced to the normal working voltage for 
the device or to a lower voltage. If the volt- 
age control is carried out by means of re- 
lays, it is easily possible ait first to use double 
25 the working voltage as a supply voltage and 
subsequently to reduce this voltage to the 
normal working voltage by connecting a re- 
sistor in series with the supply. If the con- 
trol is to be effected by means of transistors, 
30 however, this procedure requires that trans- 
istors are used, the inverse voltage of which 
amounts to double the working voltage. 

The invention discloses a means which 
renders it possible to employ transistors of 
35 which the inverse voltage is equal to the 
normal supply voltage. 

According to the present invention there 
is provided an operating circuit arrangement 
for an electromagnetic device wherein the 
40 operating coil of said device is connected 
across a direct voltage source in series with 
the emitter/collector path of a transistor and 
in series with a diode poled to allow current 
to flow from said source through said coil 
45 and wherein a capacitor arranged to be 



charged from said source through said diode 
is also arranged when said transistor be- 
comes conductive to be connected by way 
of the emitter/collector path of a second 
transistor so that the voltage thereon reverse 
biases said diode and is added to that of 
said source to cause current to pass through 
said coil. 

In this case one terminal of the capacitor 
may be connected both to the anode of the 
diode leading to one pole of the source of 
working voltage and to the device to be con- 
trolled and its other terminal may be con- 
nected to the collector of the second tran- 
sistor, which is returned through a resistor 
to the other pole of the source of working 
voltage. The base of the second transistor is 
controlled in accordance with the condition 
of conduction of the transistor connected in 
the circuit of the device to be controlled. A 
certain disadvantages of this circuit arrange- 
ment is that the inductive voltage .peak, oc- 
curring when the controlled device is dis- 
connected, cannot be satisfactorily checked. 
It would, for this purpose, be possible to 
connect a diode in parallel with the control- 
led device. This would involve a delayed re- 
lease, however, which cannot in every case 
be accepted. 

It is therefore more favourable to connect 
one terminal of the capacitor to the anode 
of the diode, the cathode of which may ap- 
propriately be connected by way of the series 
combination of a resistor and the controlled 
device to one pole of the source of working 
voltage, and also to the collector of the first 
transistor, and the other terminal of the 
capacitor to the emitter of the second tran- 
sistor and, through the series combination of 
a second diode and a resistor, to the other 
pole of the source of working voltage. The 
emitter and base of the second transistor are 
bridged by a resistor which, with a further 
resistor returned to the other pole of the 
source, forms a voltage divider which, when 
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the first transistor becomes conducting, also 
makes the second transistor conducting. T^e 
on-load voltage can be limited to half toe 
working voltage by the resistor connected in 

5 series with the device, so that the energy 
stored at the moment of disconnection is 
considerably lower. In addition, the energy 
released in the member to be operated when 
the 'first -transistor is cut off can immediately 

10 re-charge the capacitor so that energy re- 
covery occurs. . 

Two examples of embodiments of the in- 
vention will be explained in more detail be- 
low with reference to the drawing, compns- 

15 ing Figures 1 and 2 in both of which the 
same reference numerals are used for like 

pa i n S *the circuit shown in Figure 1, the de- 
vice to be controlled — a solenoid valve 
20 MV — is connected to the neutral conduc- 
tor through the emitter-to-collector path of 
a first transistor TV and to the negative pole 
of a -24V source of working voltage through 
a diode Dx. Also connected to this pole of 
25 the source of working voltage is the emitter 
of a second transistor T 2 of which the ^Hec- 
tor is connected through a resistor Ri to trie 
other pole of the voltage source and ^ addi- 
tion to the one terminal of a capacitor C, 
30 the other terminal of which leads to the 
anode of the diode D,J£e "? 
second transistor is connected to the collec- 
tor of the first transistor Ti through a resis- 
tor R*; another resistor R 2 serves as a base- 
35 to-emitter leak resistance. 

When the .transistors Ti and T* are cut off, 
the capacitor C becomes charged with the 
polarity shown through the diode D x and the 
resistor R,. This state changes as soon as the 
40 actuating voltage is applied to the base or 
tranlstor T* As a result of this applied 
voltage the transistor T, becomes conducting 
and also sets the transistor T 2 into the con- 
ducting state through the resistor <R 3 . A&e 
45 diode Di is thus reverse Ibiased and the voltage 
appearing on the capacitor is added to the 
supply voltage and becomes effective at the 
solenoid valve MV, that is to say the opera- 
tion of the solenoid valve is accelerated. On 
50 the discharge of the capacitor, the voltage 
drops and diode D x again becomes conduc- 
tive so that the solenoid valve is run at the 
normal voltage after the capacitor discharge 
is terminated. . . . , 

<55 In the embodiment of the invention which 
is shown in Figure 2, the one teranmal of a 
capacitor C is connected to a circuit lead- 
ing from the collector of a first transistor T, 
and to the anode of the diode J\ of which 
60 the cathode is connected through a resistor 
Ra and a solenoid valve MV to be controlled 
to the negative pole of a -24V source of 
working voltage, and its other terminal is 
connected to the emitter of a second trans- 
65 istor T 2 . The emitter of the transistor T 2 is 



also connected, through the series combina- 
tion of a second diode D 2 and a resistor 
R 5 to the neutral conductor of the source ox 
working voltage. Furthermore, there is con- 
nected from the transistor base to the neut- /u 
ral line a voltage divider formed by the 
series combination of a resistor Re .and a 
resistor R T , which form a voltage divider to 
the tapping of which the base of the transis- 
tor is^rmeicted. The collector connection 75 
of transistor T a is taken to the junction point 
of resistor R t and the solenoid valve MV. 

With transistors Ti and T 2 cut off, toe 
capacitor C can be charged through the 
solenoid valve MV, the resistor R 4 , the 80 
diodes D x and D 2 and the resistor R 5 . When 
the transistor T x becomes conducting 
.through the application to its base of an 
actuating voltage applied at terminal me 
Snal of the capacitor C carrying *e 85 
negative potential becomes connected to toe 
neutral conductor. There is thus aipphed to 
to base of transistor T 2 from voltage divider 
R* R, a voltage which causes the transistor 
to becoml conducting. Thus capacitor C is 90 
now^ected in parallel ^with the resistor 
R 4 and the diode Dx so .that here, too, the 
voltage appearing on the capacitor C is 
ridel to thTsupply voltage and becon^ = 
effective on die solenoid valve MV- The 95 
solenoid valve is thus operated with double 
the supply voltage at the moment of ener- 

^°soon as the capacitor C is 
the voltage drop on the .resistor R, d* ap- 100 
pears so that the transistor T 2 returns to 
Sit-off condition. The solenoid valve MV re- 
ceives its operating current through the tran- 
SstoVTx, thT diode A and the resistor R*. 

on-k>ad voltage of the solenoid is re- 105 
duced to a lower value, for example half the 
working voltage, by the series resistor JR* 
so thS at the moment of disconnection the 
stor^eUrical energy is negligible. When 
transistor Ta is cut off, the energy released 110 
from the solenoid recharges the capacitor C 
through the resistor R* die diodes 3^ and 
E> 2 and the resistor R 5 ; thus this energy is 
not wasted. Care must be taken to ensure 
tot resistor R 5 has a value such that 115, 
ne current flowing through it remains below 
the holding current for the solenoid valve. 

WHAT WE CLAIM IS:— - 
1 An operating circuit arrangement for 
an ! elec^om^etic%vice wherein «. oper- 120 
ating coil of said device is connected across 
a direct voltage source m series with the 
LSco^otoYpath of a ™^ r ^J* 
series with a diode poled to allow current 
ZZ^Tom said so'urce throughsmd cod 125 
and wherein a capacitor arranged to be 
c^rged S said source through said diode 
* also arranged when said transistor be- 
c^ef conduce to be connected by way 
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of the emitter/collector path of a second 
transistor so that the voltage thereon reverse 
biases said diode and is added to that of said 
source to cause current to .pass through said 
5 coil. 

2. A circuit arrangement in accordance 
with claim 1 wherein said diode, said coil 
and the emitter/collector path of the first said 
transistor are connected in series in the order 

10 stated from a first to a second pole of said 
source, the emitter/collector path of said 
second transistor and a resistor are connec- 
ted in series in the order stated from said 
first to said second pole, said capacitor is 

15 connected from the junction of said diode 
with said coil to the junction of said second 
transistor with said resistor and the base 
of said recond transistor is connected to 
the tapping of a voltage divider formed by 

20 resistors connecting said first pole to the 
junction of said coil with said first transistor. 

3. A circuit arrangement in accordance 
with claim 1 wherein said coil, a resistor, 
said diode and the emitter/collector path 

25 of first said transistor are connected in series 
in «the order stated from a first to a second 
pole of said source, said capacitor, a second 
diode and a resistor are connected in series 
in the order stated in parallel with the 



amitJtex/collector path of said first transistor, 30 
the emitter/collector path of said second tran- 
sistor is connected from the junction of said 
coil with first said resistor to the junction of 
said capacitor with said second diode, and the 
base of said second transistor is connected 35 
to the tapping of a voltage divider compris- 
ing resistors connected hi series between the 
junction of said capacitor with said second 
diode to said second pole. 

4. An operating circuit arrangement for 40 
an elctromagnetic device substantially as de- 
scribed with reference to Figure 1 of the 
drawing. 

5. An operating circuit arrangement for 

an electromagnetic device substantially as 45 
described with reference to Figure 2 of the 
drawing. 
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I SHEET drawing is a reproduction of 

the Original on a reduced scale. 
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